OTHA — Omaha Tools for Hydrologic Analysis

Time-Series/Statistical Analysis Programs for
Water Resources
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Overview

A suite of programs has been developed by the Omaha District to provide useful tools
to aid in the rapid and accurate analysis of hydrologic daily flow time-series data and
peak flow data for various water resources/environmental projects. These programs
utilize tools not currently found in existing software and all the OTHA programs
have: easy-to-use Visual Basic GUI interfaces, FORTRAN engines, connections to
WEB data locations, data conversion utilities, and utilize standard data formats: HEC-
DSS databases for daily flows and HEC-FFA input formats for instantaneous peak
flows. Various water resources related routines within OTHA include: time-series
cross-correlation analysis, trend analysis, volume-frequency/balanced-hydrograph
generation, extension of records, synthetic peak flow generation, mix-population
analysis, total probability theorem analysis, risk/binomial distribution analysis,
precipitation-frequency analysis using General Extreme Value 1 distribution, and
tests for stationarity or linear trends of statistical parameters.

Model Development. The programs contained in OTHA are predominantly software
that had been previously developed by the Omaha District Corps of Engineers in the
course of analyzing various water resources projects. The primary purpose of OTHA
was to compile all the existing programs into one easy-to-use package and to be able
to use these programs in conjunction with traditional statistical analysis software such
as HEC-FFA and HEC-STATS. Specific model goals include:

1. Provide direct access to data via the Internet.

Provide means to convert data into a standardized format (DSS for daily data
and HEC-FFA input file format for instantaneous peak flow data).

Minimize amount of required data input.

Direct display of program output.

Provide for annual or seasonal analysis when using daily values.

Provide a common “look or feel” for all routines.

Provide useful set of tools for working engineers.
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Model Use. All routines within OTHA were written with FORTRAN and have a
Visual Basic graphical user interface. The routines within OTHA are called from a
main menu or screen and are located within one of four main folders:

1. Daily Flow Programs 2. Instantaneous Peak Flow Programs
e DAILYDSS e OWAT
o DSSSTATS o EXTENSION
e CORRDSS e OGEN
e BALHYD e MIXPOPS
e DSSDIFF e TOTPROB
o STATIONARITY



3. Precipitation and Risk Programs

e PRECFREQ

o RISK

e MEANPEAK

. OTHA - Time Series / Statistical Analysis

4. Links to HEC Programs

e DSPLAY
e DSSUTL
e DSSVUE
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OTHA - Omaha Tools for Hydrologic Analysis

Time Series/Statistical Analysiz Programs
for Water Resources Data

DAILYDSS

CORRDSS

DSSDIFF

st. Peak Flow ProgramsTF'recip and Rizk Programq HEC Programs T

General Program
Information

Inputs USGS text format from
Internet into HEC-DSS Draily
farmat

Computes the cross
caonelation coeff. for two
DSS records

Computes the differences
between bwo D55 records

DSSSTATS

BALHYD

Computes &nnual Max., Min., Yolume
for a given Time Period. Performs
graphical freq. analyzis, serial
corelation and trend analysiz

Computes volume-frequency
relationzhips via HEC-STATS and
computes balance hypdrographs

Figure 1. OTHA Main Menu

The graphical user interface for each routine is shown below along with a brief
description of each routine. For detailed descriptions of all routines, please refer to

the OTHA Users Manual, which can be found at:

http://www.nwo.usace.army/OTHA



http://www.nwo.usace.army/OTHA

Daily Flow Routines:

. DAILYDSS - Retrieve,/Convert Web-text file of daily flow into DSS e LI?AIEEEIﬂ DAIL YDSS _ RetrleVeS dal ly

585 i DD = flow data from USGS Web-Site
Psaveasm{ftj'sep»e e e s I e and converts the data into HEC-

[ N DT DSS daily time-series. The data

— = from the Web Site needs to be

C\hecerehout — i
I e DUpEFiE | psg Pathname to Give Data
¢
IE e T “/TDNGUE RIVER/MILES CIT¢/FLOW//1D&Y/USES/ SaVed as a Tab_separated Data
put data into

Augilary Prograrn: File”. The name Of the DSS ﬁle
needs to be inputted, as well as

Eveoute e HEC-DSPLAY HEC-DSSUTL HEC-DSSVUE
e | the DSS pathname for the data to
= be placed in are required input.




DSSSTATS — Quickly and
concisely summarizes a long-
term period of record of daily
flows for any period within a
year into: annual minimum
flows, annual maximum flows,
annual mean flows, annual
flow-volumes, annual lag-1
serial or autocorrelation
coefficients, and computes
graphical  frequency-analysis,
log-Pearson probability
distribution, and trend analysis
on annual maximum daily flow
values with associated statistical
significance tests. Writes out
annual maximum flows to an
FFA input file for further analysis.

i, DSSSTATS - Computes Max, Min, Mean Daily Yalues From D55 and and P

(o) x|
Omaha District USACE

D55 Pathname

Ic \hecexe\dssstats.dss DSS File

|/F‘LATTE R./NORTH BEND/FLOW//1DAY/USGS/

Dates and Period

Starting Diate: Ending Date
01JAN 1980 |31 DEC2000
Starting Periad Ending Period:
IIJTJAN |31 DEC

Ic \hecexshout Dutput File Ic ‘hecexetinfle.ffa

FFA Input
File to Creats

Auilary Program:
Execute DS -LIST
DESCTATS Output Flle | HEC-DSPLAY HEC-DSSUTL HEC-DSSYUE
Statistical Analysis: =
num date date lag-1
at win ot max ot accun mean  seria 1
values value min value value max value  value® value eor
366  £63.00 ZZDEC19ED 6760000 ZIMARISED 813566  4376.96 08564
365 530.00 24JUL19EL 1240000 Z4MAYISEL  23@9.95  3306.98 0.9137 iy
365 500.00 11DEC196Z 32300.00 26MARLSGZ 3645659  5044.55 0.9185 -
il 2
j " s L Ja A aabie il __‘




%. CORRDSS - Computes cross-correlation between two daily time-series vi

=10l x|

Omaha District ISACE

|E \hecexshcondss. dss DS File Dates and Period
Starting Diate: Ending Date

D55 Pathname ID‘\JANTEED ISTDEEZDDD

I/TDNEUE RIVER/MILES CITY/FLOW//DAY/USGS/

First Lag: Last Lag

INELLDWSTDNE RIVER/MILES CITY/FLOW /DAY /USGS/ |0 |m

|c thecexshout Dulput File
Ay Program
Executs
"DOS - LIST"
CORRDSS Oupt Fie | HEC-DSPLAY HEC-DS5UTL HEC-DSSVUE
Corr Squar -]
Lag Coef cC

=T W)V V)

where:

y =one stream gage’s time-series of daily flows
y' =another stream gage’s time-series of daily flows
co= sum of the differences of daily flows from the mean of the daily flows, divided by

the total number of observations
t = time increment
1 = lag-k cross-correlation coefficient

c=cross-covariance between the two time-series

k=times-series lag
N=total number of values

CORRDSS- Calculates  the
cross-correlation of two
hydrologic  daily time-series
using the  cross-covariance
between the two hydrologic
time-series. (Salas, 1992)
Essentially, determines  the
probability that two rivers will
flood at the same time — useful
for main/tributary confluences
and interior drainage analysis.
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. BALHYD - Petforms Yolume-Frequency Analysis using HECSTATS - Then c oy [ o3}

BALHYD — Serves as a
graphical interface for HEC- e oo | [Despes
STATS for flow volume- | ...

Statting Date: Ending Date

IMD |31 DECZ000
frequency analysis , then |/F‘LATTE R./NORTH BEND/FLOW /A1 DAY /USGSS SR SRR
computes various return- [ [roce

interval symmetrical [Foeemas Outpie
hypothetical “balanced”

i

hy drographs and writes the Setup HECSTATS HunHEE—STAT5| DS LS gﬁ%;‘gé@:ﬁucm HEC-DSSVUE |
ordinates out to HEC-DSS. ||~ =™~ . 5
Specific periods within the —|eswwn suiic 2%, ¥E0™

year can be computed, i.e. Soay s ovee.  messs.

monthly or seasonal. The ||z i s o

generated balanced 10’ 25’ jﬁiﬁii Sra00. Bpphy L3500, _.|;|

50, 100, and 500-year =
hydrographs are written to - | “ okl JL

the specified DSS file.

The program writes out the balanced hydrographs back to the DSS file listed in the
GUI using the original pathnames, except for the F-part which is fixed as “2-Year
BH”, “5-Year BH”, etc.

The duration of the balanced hydrograph is limited to 90-days.



Convert Web-WATSTORE file of Peak Flow into FFA =10 5‘
Omaha District ISACE

.
" Peak-Flow Routines:
~USGS WebSite for Peak Flow Data————————————————— r~ Ausillary Program:
[Save as "WATSTORE Fomatted File")
hitp:/ haterdata usgs gov/nwis/peak .
/D05, LT OWAT — Retrieves and converts
IC:\hecexe\qwat.txt Input Fils Output File
[from abave)
USGS WATSTORE file format
IC.\hecexE\DutZlfa.Fla FFA Input File
ta Create 2 b b
el o from the USGS’s Web Site into an
Escue QT HEC-FFA input file format (QR
Cards).
TT 06294300 ¥ F Froze to Death Cr trib | GOD
nr Ingouar MI USGS 05234300
TT 06234200 Drainage Area = 1.36 M F Froze to Death Crtrib nr Ingomar MT
ID 06294900 - M F Froze to Death Cr trib 5001
nr Ingomar MT A
(i T1e1967 463
un 6211963 24 400
(i E1E81964 13
(i 7101965 300
QR TLELIEE 5z Eilly A
or 5181967 &7
or & 91968 54
uR 7 71368 a0 00k
or 2 61970 132 i
aR 5311971 45 1ok i A
QR 8141972 110
i1 4201973 &0 A‘ AAA A AAA
QE 1151974 28 _'LI o 1 | | A
Kl 2 1960 1964 1968 1972 1976




EXTENSION - Extension of

records or two-station
comparison of peak flows.
Utilizes the procedures

described in Appendix 7 of
Bulletin 17B for extending on
gage’s record based on the
concurrent period of a nearby
gage. The program adjusts the
log mean flow and standard
deviation of the short-term
record based on the regression
analysis with the long-term
record. An inputted skew value
can be used with the adjusted
parameters to develop the final
flow-frequency curve.

(Hydrology Subcommittee, 1982)

. EXTENSION - Performs Extension of Records (Two-Station Comparison) via k

=181

Omaha District USACE
" ShartTem Statn FFA e ——
|E \hecexstshort ffa FFA Input File
Long-Term Station FFA InputFile b"’//
C:\hecexellong.ffa ——— sgéﬂ? Y-

i

r~ Output Fil

C:hhecaxetout

Dutput File

Oceeenes D% Doe0S DALTDAALO302 04

"Skew Walue to uze with Extended Recard

l—o.uu

Dos o1 Do ooy

Execute EXTEMSION | DOS - LIST Output File

n SHURT TERK 00000001

ID 06752260 -  CAOHE Lk POULR
E BIVER AT EORT COLLINS, CO

YERR  DISQERAE (X] LOG OF X

LONG TERH 00000002 COINCIDENT TERK

ID 06752000 - CAOHE Lh POULR
EERAND OF CN, NE FT COLLINS, CO

YERR  DISQRAE (X] L0G OF X

1810 224000 33502
1811 2470.00 33927
1812 320,00 3.5821
1813 2700.00 34314
1014 5320.00 3308
1915 2700.00 38304
1915 2340.00 3.3692
1917 7000.00 3.5451
1918 5200.00 3.7260
1919 1570.00 3.2227
1920 4510.00 3.6542

7
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. QGEN - Generates Peak Flow Data using LR, LR w/noise, and MOYE then =] 3]

i~ FF& Input file - will us this location to base fows on:

FF Input
File
FFA Input file - Will Generate Peak Flows for this location
T\ programshqgen’agenz.ffa FFA Input
File:
~ Dlutpus Fil
Dutput Fils

I: \programshagentagen’ ffa

Statin

amm
amm
m
am

|c programstagen‘output

R s

Seed Number for Riandom Number Generator for "noise" value:

P“‘E 3 5-digit odd number) 11 111—‘ Execute Program | D03 - LIST" Dutput File

T Em T am am v

Nunber of years for 25t gage: 36
Nuuber of concurrent years: 1z
Number of years to gemerate data for 2nd gage:
Correlation Cosfficient between the 2 gages: 0.9282

ID 06801000 -

lin. reg

Year lst gage lin. reg w/noise MOVE

Number of years for lst gage |

DLATTE R NI ASHLAND, NE J

OGEN - Will generate individual
year’s peak flows for a given
station by comparison with nearby
station. Will generate missing year
flows by linear regression, linear
regression  with  “noise”, and
MOVE statistics. (Salas, 1991) The
program puts the original data
combined with the synthetic data
into three FFA input files.

yt =a+b(xt_ut)

_ (N1 +N2)IJy - N’]I"y’l

EF?T ey _»lj N2
H, =ty + N, 2N 111 (Hyy = Hyr)
bz :[(N1+N2 1)0;— (Nl' 1)6}%1' Nl(:UYl' /uy)z' Nz(a_ /uy)z]

(N, - 1)0'5(2
1 o NN, o

2 2 Y o2 2 Y1 2
o, =——[(N,-Do,, +(N, -1 + -

"IN AN, - [(N, = Doy, +( )pxy Xl Ox2 N, +N, Py Xl (Hyy = Hx1)

+(N, =Da’(1-p;,)oy,]

X is the set of annual peak flows for the long-term gage
Y is the set of annual peak flows for the short-term gage
1y and oy are the mean and standard deviation of the extended sequence
ytis the variable with a missing variable to be generated

Ly is the mean of concurrent observations of Y

Pxy 18 the cross-correlation between X and Y

oy is standard deviation of concurrent observations of Y
o4 18 standard deviation of concurrent observations of X
Oy 18 standard deviation of non-concurrent observations of X

X 1s the variable with the complete record
Ly is the mean of concurrent observation of X

Lx2 1s the mean of non-concurrent observation of X
N; is the number of common observations between X and Y

N3 is the number of values of Y to generate and:

oo NV =W, =D
(N, = 1)(N, =3)(N, -2)
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MIXPOPS _ For tWO thSICally_ . MIXPOPS - Mised Populations - Computes seperate curves for bwo popul: =10 x|

— FF Input fle: L

differentiated populations within o |

one FFA record, the program will . Foe
compute separate flow-frequency I o conores
curves for each population then | s o
combines the two curves using the

Total Probability Theorem. The

i " L b
Do 029 0% 0505 DEDIOAAIMOAD 003 001 OmY om

curves  are devqloped .by (NW‘E”"va'““'"H‘ghE”’°W'a"°"—l_z‘ comerirs || 008 U5 i |
converting the graphical plotting
positions to a linear distance on
the probability grid and solves for
a best-fit line. (HEC, 1975) L LA

of the anmual peak flows graphical plotting postions
then combines the twe curves using the Toral Probability Theorem

07 PR 03 -
14:19:47

DIFFPOPS - Different Populations

ID 06775500 -  DISMAL RIVER NEAR THEDFORD, NE

Feompinea =Py +Pp =P, Py L e

where:
P, = Probability of “A” occurring
P = Probability of “B” occurring

The number of values in the Higher Curve needs to be inputted in the GUI. The
program performs an initial graphical frequency analysis to detect the upper points.
For the upper curve, the program also takes the highest point on the Lower Curve to
develop the best-fit line. For the combined-curve the program determines the
combined probability at each cfs flow increment and then interpolates the 2-,5-,10-,
25-,50-,100-,200-, and 500-year combined values.

11



. TOTPROE - Computes the total prob. of flooding by two different popul =loixi TOTPROB - GlVen the

Ormaha District USACE

ose = statistical parameters of mean
e Bechage l% |SaTnEn log 'dis'charge, standard
= 7 deviation, and skew for two
senceréBeveten [ o [ 0353 LT different populations, the
SkewCoeficent [ 010 [ o "" program will compute the log-

Pearson Type III probability

- T T D e G N
et Output File | Execute TOTPROB DOS - LIST Dutput File dlStrlt.)utIOIl for eaCh’ then
' combine the two curves for a
Laszocso % | smooth curve using the Total
Probability Theorem.
Statistics:
mean log standard
discharge deviation skew _
PCombined _PA +PB _PAPB
Series 4 (inputted) 3.3000 0.1111 0.loo0
Series B (inputted) 3.1000 0.3333 0.4000
Combined (computed) 3.3918 0.1416 3.262Z2

<) [ — _’lll

Ten-thousand points are determined for each series of frequency curves, then the
program determines the combined probability at each cfs flow increment and then
interpolates the 2-,5-,10-, 25-,50-,100-,200-, and 500-year combined values.

12



Precipitation and Risk Routines:

PRECFREQ - Precipitation-
frequency analysis of hourly
precipitation data using the
General Extreme Value 1
probability distribution.  The
program sorts the hourly DSS
records to determine the max
“n-hour” for each year then
computes graphical frequency
analysis using the Weibull
plotting positions as well as the
GEV-1 analytical solution.
Specific periods within the year
can be computed, i.e. monthly
or seasonal.

. PRECFREQ - Precipitation Frequency Analysis Using GEY1 Probability Dis

(o) x|
Omaha District USACE

Ic \hecexeprechieq dss DS5 File

i~ Dates, Periods, and Hours for Analysis

D55 Pathname for Hourly Data
’7|/SANDHILLS/EASSETT;‘FHEE\FNTHEILIFUNE/

IE \hecexshot

Dutput Fil

Ausillary Progra
Evecute "0 - LIST
PRECFREQ Oulput Fie | I FBERIRLS?

Starting Year Ending Year:
1950 lﬁu

Statting Period Ending Period:
|D1JAN |31 DEC
Hours for

Frequency Analysis:

Frzrs
Il
[ @ [

C:yhecexelprecfreq. dss
/EANDHILLE /EASSETT/PRECIP/ / IHOUR/NE/

= MAXVALUE

il

WHAT ZONE EEGC ZONME END  FOUND
1.81 1-HEMEX OLJAN1SS0 31DEC1S50 11AUGL350 03
1.15 1-HEMEX OLJAN1SS1 31DEC1S51 ZOAUGLSS1 01
1.25 1-HEMX OLJAN195Z 31DEC195Z 0ZAUGL3SZ 23
0.55 1-HRMX OLJAN19S3 31DEC1S953 ZZJULL353 18

Precipitation Frequency Analysis Program

HE PCTGOOD PATHA
98.20 /SANDHILLS/NE
97.83 /SANDHILLS/NE
99.08 /SANDHILLS/NE

27.98 /SANDHILLS/NE _'LI
¥

DATHF

13




i, RISK - Computes Total Risk of "Failure™ during Project Life using the Bino

rData

(o x|
Omaha District USACE

Total Risk of at Leastone Failure over Project Life

Exceedance Probability
in any given year.
(Exc 50,10, .02, .01, etc)

o

(Mumber of failures=at lzast one)

w0

Project Life in Years:

Total Risk of Exactly Given Number of Failure(s)
over Project
Life:
Exceedance Probahility
in any given year
(Ex: 50..10..02 01, etc)

Exact Mumber of failures:

L

Praoject Life in vears:

al

Total Risk of Failure
during Project Life:

0.035618 =
Kl _>l_I

Total Risk of Failure{s)

during Project Life: 0.004152

1 I : -
Execute RISK1 P=1-(1-20 ExeculeRISK2 | P= ——— Ph(1- A"
T L J (n—Ekl
Dutpt Fil — Output Fil
output 0 -
tput Fi
[ i output2 Output File
Probability of failure B Prohability of failure B
in any given year: 0.0100 in amy given year: 0.0100
Recurrance Interval Recurrance Interval
{in years) for failure: 100. (in years) for failure: 100.
Mumber of failures: (at least one] HNumber of failures: 2.
Project Life in years: 10 Project Life in years: 10
_»l_I

Ji
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RISK - Computes the total risk
of failure over a project life
using the Binomial Probability
Distribution (Chow, Maidment,
Mays, 1988) based on the
following equations:

1
R=1-(1--)"
(==

|
R=—""__pta-
(n—k)k!

P)n—k
where:
R = Risk of occurance
P = Probability in any year
T = Recurrance interval
K = Number of floods
N = Number of years



MEANPEAK - Computes the
ratio of mean daily flows to
instantaneous  peak  flows
given a FFA input file and
mean daily flow DSS file.
The programs takes the peak
flow from the FFA input file
for each year, then searches
the mean daily flow DSS file

to determine the
corresponding mean daily
flow for the day the

instaneous peak flow occurred
and computes the ratio. The
program also determines the
mean ratio between peak
flows and mean daily flow for
all years.

. MEANPEAK - Computes Ratio of Instantaneous Peak Flows to Mean D

FF& Input File
D55 File:

IC.\hecexe\mEaanak ffa

|c \hecese\meanpeak. dss

- D55 Pathname For Mean Daily Flows

|IFLATTE R./MORTH BEND/FLOW// 1 DAY/OBS/

IC.\hecexe\uut

Output File

Execute MEANPEAK

/PLATTE R./MORTH BEND/FLOW//LDAY/0BS/

(Y

Co Ratino
Date of anmaal of
Deak Peck Da: Peak Q to
Discharge Discharge Discharge Mean 0
2IUN1942 21000. 14300, 1.4094

12JUL1950 25000 15000
ATMAYI 951 anann 21200

. . 1.6687
1 4578 hd
| ’

(o x|
Omaha District USACE

15



. STATIONARITY - Test for Trends in Time-Series of Statistical Propertie:

- FFA Input fle
I: “programshskewtistation ffa

FFA nput | [*2
Fil =
EL I

~ Dlutpust Fil

3
"
a
2
OuputFile | o
o

|c programstskewtautput

Execute STAT\UNAH\TY;| "DOS - LIST" Dutput File

skew

Ip 11097500 -  LOS ANGELES R A LOS ANGELES CA

Mean
Lag Stand. 100-Year
Tear Flow Flow Dev. Skew Flow

[DO0000000000000000000000000000000000000000000000

3 193z 3020. 3.2787 0.5098  -1.4998 8463,
4 1933 £780. 3.3998 0.4813  -1.665E 9217,
5 1534 zzoo0 35381 08323 -0.5382 54041
6 1935 2400. 3.5534 0.5371  -0.2481 50679,
7 1936 2420, 3.5292 0.4944  -0.0505 45846,
8 1937 2410 3.5108 0.4807 0.1026 41448
9 1938 67000 3.6569 0.6148 0.873% 242682,

10 1939 3710. 3.6482 0.5803 0.7487 203800,

Test Statistic:
_bo NN-1

o

&

b = slope of regression curve

T

c

o, =standard deviation of parameter

STATIONARITY - Computes
time-series of statistical properties
of mean log discharge, standard
deviation, skews, as well as the
analytically-based 100-year flow as
a test for basin stationarity. Allows
to see how the 100-year flow
estimate changes with time and to
readily see which statistical
parameters influenced the changes.
Performs trend-analysis on
statistical parameters and tests the
statistical significance of the trends
using the Students t-test:

o, = standard deviation of residuals between actual values and regression values

N = number of values

Hypothesis test: b=0 is rejected if:

TC

16

)Tl_o/ (N —2) where a is the significance level.
2



HEC Program Links:

A folder was created within OTHA to allow easy access to existing HEC programs.
OTHA will make the links to the files if they are already loaded on the PC.

. OTHA - Time Series / Statistical Analysis

m OTHA - Omaha Tools for Hydrologic Analysis
S amyiCome Time Series/Statistical Analysis Programs
of Engineers
Omaha District for Water Resources Data

Links to HEC. General Program
Daily Flows Prograrms I\r’\sl Peak Flow F‘mgramsTF‘le:\p and Risk. Frngram% Fiers I el

Inton
HEC-DSPLAY HECFF&
HEC-DSSUTL DOS - List

HEC-DSSYUE

i

EXIT

t“.
E 7|
|
I
F
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	Figure 1. OTHA Main Menu


	X is the set of annual peak flows for the long-term gage


